relationships between retro-odontoid soft-tissue (ROST) thickness and radiological findings and clinical data in patients with RA.
Methods
From August 2010 to June 2011, a total of 234 patients with RA who had been followed up at the outpatient clinic of our institution were recruited into a cross-sectional study. All patients fulfilled the American Rheumatism Association's 1987 criteria for the classification of RA. 2 Patients with previous cervical spine surgery were excluded. Clinical information on RA, symptoms related to the cervical spine, and radiological examination results were collected. The study protocol was approved by the Ethics Committee for Clinical Research at Osaka City University School of Medicine. The study was registered with the University Hospital Medical Information Network Clinical Trials Registry (no. UMIN000000980). The current article presents the results of a subanalysis of data collected for that study.
clinical evaluation
Clinical data on RA included disease duration, functional class, and the 28-joint Disease Activity Score using the erythrocyte sedimentation rate (DAS28 ESR) 16 at enrollment. Functional class was assessed by the modified Health Assessment Questionnaire (mHAQ). 15 Neurological symptoms were evaluated using the Ranawat classification (Grades I, II, IIIA, and IIIB). 18 Plain posteroanterior radiographs of bilateral wrists and hands were used to evaluate the severity of rheumatoid joint destruction according to the Steinbrocker classification (Stage I-IV). 21 The atlantodental interval (ADI), Ranawat value, and sagittal Cobb angle between C-2 and C-7 were measured on lateral views. ADIs were independently evaluated on images in the flexion, neutral, and extension positions.
Mri evaluation
All patients underwent MRI with the same 3-T unit (Achieva 3.0 T, Philips). ROST thickness was estimated on midsagittal T1-weighted images as previously reported (Fig. 1) . 23 
Statistical analysis
IBM SPSS Statistics, version 19 (IBM Corp.) was used for all statistical analyses. To evaluate the reliability of techniques used to measure ROST, we evaluated the intra-and interobserver variabilities. The parameters were measured independently by 2 spine surgeons (S.D. and S.T.), both authors with more than 10 years of experience, who were blinded to the patients' clinical variables. After each surgeon had measured a parameter on a radiograph twice, the inter-and intraobserver variability were evaluated by means of the intraclass coefficient of correlation (ICC).
Correlation between ROST thickness and age, disease duration, DAS28 ESR, mHAQ, Steinbrocker stage, neurological symtpoms according to the Ranawat classification, ADI (neutral, flexion, and extension), and Ranawat value was assessed using the Pearson product moment correlation coefficient (for continuous/numerical data) or the Spearman rank correlation coefficient (for categorical data). Variables with a correlation coefficient value greater than 0.7 were defined as confounding factors. Any variable with a statistically significant finding (p < 0.05) was selected as a candidate for a stepwise multiple regression analysis to evaluate the factors independently associated with ROST thickness in RA patients after adjustment for confounding factors.
results
Of the 234 patients who were recruited, 33 were excluded from the study. These patients were excluded for the following reasons: presence of other somatic disease (n = 2), contraindications to MRI (n = 2), prior cervical spine surgery (n = 3), declining to undergo MRI (n = 9), and declining to participate in this study (n = 17). The remaining 201 patients constituted the study group. Baseline demographic and clinical data at the time of recruitment are shown in Table 1 .
We confirmed the reliability of the radiographic measurements of ROST thickness by calculating intra-and interobserver variabilities of the parameters. The intraobserver ICC values were more than 0.98 for both observers, and the interobserver ICC was 0.966, indicating excellent reproducibility of the measurements.
The average thickness of ROST was 3.0 ± 1.4 mm. A Table  2) . Stepwise multiple regression analysis showed that ADI in the flexion position and Steinbrocker stage were independently associated with ROST thickness (Table 3) . A scatter diagram that shows ADI in the flexion position and ROST thickness is presented as Fig. 3 . ROST thicknesses tended to be greater when the ADI was short and smaller when the ADI was long. The inverse correlation between ROST thickness and the ADI can be seen in the representative cases shown in Figs. 4 and 5.
Discussion
In the present study, ROST thickness was found to decrease with atlantoaxial instability in patients with RA. Many clinical studies have suggested that mechanical stress on the transverse ligament causes retro-odontoid pseudotumor, 5, 10, 13, 22 but the present results suggest that atlantoaxial instability is associated with decreased stress on the transverse ligament.
Anatomically, the transverse ligament of the atlas runs posterior to the dens and attaches to the lateral tubercles of the atlas bilaterally. There is a synovial capsule between the odontoid process and the transverse ligament. The tectorial membrane and epidural fat are located dorsal to the transverse ligament. 6 Therefore, ROST consists of synovial capsule, transverse ligament, and tectorial membrane. 24 The transverse ligament, which is the main component of ROST, shows low signal intensity on T1-and T2-weighted MRI. Retro-odontoid pseudotumors in patients without inflammatory disease show low signal intensity on both T1-and T2-weighted MRI. 22, 24 On the other hand, retro-odontoid pseudotumors in patients with RA are typically visualized as being hypo-to iso-intense on T1 and hyperintense on T2-weighted MRI.
7,10-12,27 Yonezawa et al., 25 however, reported 3 types of retro-odontoid masses on MRI in patients with RA: pannus type (T1 low, T2 high), pseudotumor type (T1 low, T2 low), and mixed type (T1 low, T2 low and high). High signal intensity on T2-weighted images indicates that the pseudotumor consists of an increased amount of water, as in inflammatory tissue, and low signal intensity T2-weighted images indicates that the pseudotumor contains fibrous material. 11, 22 With regard to pathology, Sze et al. 22 reported hypertrophy of fibrocartilage tissue in patients without inflammatory disease, and Oohori et al. 13 reported that the retro-odontoid mass in an RA patient was composed of degenerated fibrocartilaginous tissue and was predominantly necrotic. However, there has been no report on the association between pathological and MRI findings in retro-odontoid pseudotumors.
As for the pathogenesis of retro-odontoid pseudotumor, there have been reports that the lesion is related to atlantoaxial instability in RA patients. 10, 22 Grob et al. 10 reported that retro-odontoid pseudotumor was maintained by motion rather than by the inflammatory process itself. The fact that spontaneous mass reduction occurred after spinal fusion supports the hypothesis that retro-odontoid pseudotumor is related to instability or mechanical stress on the atlantoaxial joint. Similarly, the current study showed that ROST thickness was not correlated with DAS28 ESR, which represents RA disease activity. Sono et al. 17 reported on 5 patients with RA and 6 patients without RA who underwent surgery due to retro-odontoid pseudotumor. They reported that atlantoaxial subluxation was found in all RA patients with a retro-odontoid pseudotumor.
The current study, however, showed that ROST thick- ness tended to be smaller when the ADI was large. This finding indicates a different view of the formation of retroodontoid masses in patients with RA. The biomechanical data reported by Fielding et al. 9 demonstrated that the transverse ligament only allows anterior subluxation of the atlas of about 3-5 mm before rupturing. This means that, when the ADI is more than 3-5 mm, the stress to the transverse ligament would decrease. While the ADI is less than 3-5 mm, the remaining transverse ligament would thicken by the mechanical stress. Therefore, atlantoaxial instability should be considered a result of the degeneration process, not a prerequisite for the formation of the retro-odontoid mass. Atlantoaxial subluxation is commonly seen in patients with RA, and its prevalence in these patients ranges from 16% to 50% according to previous reports involving more than 200 patients. 1, 4, 20, 23, 26 On the other hand, there are few reports about retro-odontoid pseudotumor secondary to RA. These facts imply that retro-odontoid pseudotumor is less associated with atlantoaxial instability.
Tojo et al. 24 studied ROST thickness in a series of 503 cervical spine MRI studies. They concluded that there was no association between ROST thickness and the presence of RA. However, the radiological and clinical assessments in their study were limited. First, the ADI was not evaluated. Second, the history of RA was determined only from patient medical records, and no clinical assessment was performed. In the present study, we showed that ROST thickness was inversely correlated with the ADI in the flexion position and with Steinbrocker stage. Taking the present results and previous reports into consideration, we suspect that ROST thickness is related to mechanical stress but not the degree of motion. Possible explanations for these findings are 1) that C1-2 joint inflammation or destruction causes increase of mechanical stress at the transverse ligament followed by increased ROST, 2) that more stress causes stretching or tearing of the transverse ligament as RA progresses, 3) that mechanical stress to the transverse ligament might decrease, and 4) that as a result, the transverse ligament might shrink and ROST decrease.
There are several limitations to the present study. First, the present analysis was the subanalysis of the imaging data collected in the past. Although the therapy using biologics had already spread at the time of data collection (36% of patients in this study were treated with biologics), long-term medication with biologic agents or therapy with newer biologics is not reflected in the present results. The influence of biologics on the retro-odontoid mass should be investigated again in the future. The present sample, however, was sufficient to yield substantial effects. Power analysis using software (G*power 3.1.9.2 Erdfelder, Faul, & Buchner, 1996) 8 showed that the total sample size needed was about 100 patients for linear multiple regression to obtain sufficient power (0.8), with medium effect size, an a error probability of 0.05, and 6 predictor variables. Second, no cases of surgically treated retro-odontoid pseudotumor were included. It remains unclear whether pseudotumors are pathologically similar to ROST thickness. Despite these limitations, this was the largest study to analyze ROST thickness in patients with RA and the first to show that atlantoaxial subluxation might decrease stress on ROST.
conclusions
Although the correlations were not strong, ROST thickness in patients with RA was inversely correlated with ADI and Steinbrocker stage. In other words, ROST thickness tends to be smaller as atlantoaxial instability and peripheral joint destruction worsen.
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